Synthesis of conjugated polymers generally proceeds via a metal-catalyzed polymerization reaction. 11 These reactions require strictly inert atmosphere conditions 12 to prevent premature termination of the polymer chain. As a result of the strict requirement for inert atmosphere conditions, conjugated polymers have been synthesized only rarely at the undergraduate level. Some isolated examples of conjugated polymer synthesis at the undergraduate level include the synthesis of poly(3-hexylthiophene) via Grignard metathesis polymerization (GRIM) 13 and the synthesis of polyacetylene via ring-opening metathesis polymerization (ROMP). 14 Reported herein is the synthesis of a conjugated polymer, MEH-PPV (poly[2-methoxy-5-(2'-ethylhexyloxy)-p-phenylenevinylene]), in an advanced undergraduate laboratory. 15 This procedure used Gilch polymerization conditions (mechanism discussed in the Supporting Information), 16 and required moderate precautions to limit the reaction's exposure to air and moisture. Once the polymer was synthesized, it was utilized for two applications: (a) synthesis of fluorescent organic nanoparticles; 17 and (b) fabrication of fluorescent thin films. 18 Nanoparticles of MEH-PPV have been synthesized extensively in the literature, and used for applications including selective drug delivery to knee joints, 19 detection of hydroxyl radicals, 20 and intraparticle energy transfer.
21
Key advantages to the polymer synthesis reported herein include (1) the elimination of the need for a glovebox or glovebag for the polymer synthesis; and (2) the use of the newlysynthesized polymer for multiple applications, which combined to create a truly interdisciplinary laboratory experience.
Pedagogic Value
Synthesis of fluorescent conjugated polymers provided a myriad of pedagogical opportunities. Although most of the students had learned about polymers in their organic lecture classes, those discussions had not mentioned fluorescent organic polymers. In this experiment, students were introduced to the concepts of polymer synthesis as well as air-and moisturesensitive synthetic procedures. They also learned about organic polymer fluorescence, as well as the mechanism of a Gilch polymerization reaction (discussed in detail in the Supporting Information). Finally, students learned about the hydrophobic effect 22 in the context of nanoparticle fabrication, 23 and how the photophysical properties of the polymer changed in the thin films compared to its properties in the organic solvent.
Skills taught in this experiment (polymerization, thin film fabrication, nanoparticle fabrication) were valuable to organic chemistry students, while engineering and pre-health students also gained exposure to materials science and analytical chemistry techniques. Thus, skills covered in the lab have real-world applicability for students of all interests.
Experimental Organization: Specific goals of this experiment were for students to (1) synthesize a fluorescent organic polymer via a Gilch polymerization reaction; (2) characterize the fluorescent polymer by 1 H NMR, UV-Visible, and fluorescence spectroscopy; and (3) utilize the polymer to fabricate fluorescent organic nanoparticles and fluorescent thin films.
This project was performed in three laboratory periods in an upper-division undergraduate organic laboratory course. Students synthesized the polymer in one three-hour session, analyzed its photophysical properties in the second laboratory session, and formed polymer-derived nanoparticles and thin films in the third laboratory period. The experiment reported herein was performed by 14 students.
Experimental Overview (for details, see the Supporting Information)

Required equipment:
This experiment required access to 1 H NMR, UV-Vis, and fluorescence spectrometers, as well as a spin coater and a sonicator for thin films and particles. This experiment can be run without forming nanoparticles or thin films, and would still provide ample pedagogical opportunities, focused on polymer synthesis and solution-state polymer fluorescence.
Synthesis of MEH-PPV:
Br Nanoparticle fabrication: 24 A dilute solution of the polymer in THF was added quickly to a flask containing water, while the water was continuously sonicated. THF was removed to yield an aqueous solution of nanoparticles, which was characterized by UV-Visible and fluorescence spectroscopy.
Thin film formation:
A solution of the polymer in dichloromethane was added to a glass cover slip taped to a microscope slide. The resulting solution was evaporated on a spin processor to yield an orange, fluorescent thin film. The fluorescence of the thin film was measured using a solid-state attachment on a fluorimeter. In the absence of a spin processor, thin films can also be fabricated using a simple cooling fan, following a literature-reported procedure. 
Results and Discussion:
In the first step of this experiment, students synthesized the fluorescent conjugated polymer, MEH-PPV, in yields ranging from 32-95%. A representative student sample was Students needed to take reasonable precautions to limit the exposure of their reaction to air and moisture. For most of the students, this synthesis was their first experience conducting air-and moisture-sensitive chemistry, and led to discussions about how to best conduct such reactions, especially in the absence of a glovebox or a Schlenk line. During the two hour reaction, the mixture quickly turned from a colorless solution to a bright orange solution,
followed by the formation of a bright red product (upon methanol addition), which was very exciting for students to watch. This color change also provided visual confirmation that the polymerization was occurring.
The second step was the characterization of the polymer via spectroscopy. 1 H NMR spectra were obtained in deuterated chloroform. Good quality 1 H NMR spectra were obtained by most students, and compared to the literature-reported spectra for MEH-PPV. A dilute chloroform solution of the polymer yielded excellent UV-visible and fluorescence spectra (Figure 1) . This solution had a λ max absorbance at approximately 500 nm and a λ max emission at approximately 557 nm. In the third part of this experiment, students fabricated fluorescent nanoparticles and fluorescent thin films, and measured the photophysical properties of the polymer under these conditions. For the nanoparticles, they found that the emission maximum was shifted to 582 nm (a 25 nm shift compared to the solution emission maximum), which provided an opportunity to discuss polymer aggregation and bathochromic (red) shifts. Similarly, the thin film fluorescence spectra showed an emission maximum of 577 nm (a 20 nm shift compared to the λ max emission of the solution), which again can be attributed to polymer aggregation. Figure 2 highlights the differences in the fluorescence spectra of the polymer under these three conditions, and Figure 3 shows photographs of the polymer in various media.
Of the 14 students, 13 successfully synthesized the conjugated polymer in the first laboratory period (Goal 1), in yields ranging from 32-95%. All of the students who synthesized the polymer were able to characterize it using a variety of spectroscopic techniques (Goal 2). The student who was not able to synthesize the polymer was instructed to use another student's polymer for the nanoparticle and thin film formation. Of the 14 students, all of them were able to successfully form fluorescent nanoparticles and fluorescent thin films (Goal 3).
Instructors should be aware of the following problems: (1) Gel formation sometimes occurred during the polymerization reaction. Using a large stirbar and stirring the reaction mixture at a high rate minimized the likelihood of gel formation. If gel formation did occur, students added small amounts of THF as necessary to break up the gel formation. (2) It was somewhat difficult for students to measure a precise mass of the polymer for spectroscopic analyses (i.e. precisely 3 mg). Students were instructed to add a small amount of polymer to a vial, determine the mass of the polymer, and then calculate how much chloroform to add.
Representative student data can be seen in the accompanying Supporting Information. 
Conclusion
A fluorescent conjugated polymer was synthesized in an upper-division undergraduate teaching laboratory with minimal precautions to minimize air and moisture exposure. The polymerization was robust and high-yielding, and provided students with ample pedagogical opportunities in conjugated polymer chemistry, polymer photophysics, polymeric materials, and nanoparticle chemistry.
Synthesis details, student handout, notes for instructor, representative student spectra of all synthesized compounds. This material is available via the Internet at http://pubs.acs.org. 
